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' Whereas some authors claim that the scattered photons exhibit an |
intensity-dependent characteristic frequency shift (Brown, Kibble
. ’ . ‘ %
. and Goldman) others claim that they do not (Fried, Eberly and . 12
- . z

REMARKS CN THE FREQUENCY SHEIFT IN
HICH INTENSITY COMPTON SCATTERING*

0. von. Roos
Various papers have been published recently in which the ’ - )
radiation interaction of a freé electron subject to an intense mono- -

chromatic photon field have been discussed (Ref. 1). According to
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these calculations light will be generated at all harmonics of the ,

fundamental freguency of the primery radiation field (harmonic'

generation). However there 1s one point which needs clarificaticn.

von Roos). The fact that the frequency shift has been found by

C

thcse authors who were using a semi-classical approximat ion i.e.,
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an approximation in which the electron is subjected to a given
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external electromegnetic wave is all the more surprising since in
such calculation a reaction of the electron back on the incident beam |
is completely excluded and therefore the origin of the . frequency shift

is dlfflcult to understand In the following we will re-examipe the

qaestion u31ng again a seml—classical approach However, we will show

will be no freguency shift; in agreement with Fried, Eberly and von Roos.

*This paper presents results of one phase of research carried out at the
Jet Propulsion Iaboratory; California Institute of Technology, under’

Contract No. NAST- lOO, sponsored by the Rational Aeronautics and Space
Admlnistration.'
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Zinte the fraguency shilt in question is independent of ary

epin aftfects, we chooze Jor simpiicity the Klein Cordeon ecquaiticn

S deseribe the motlon of an eleciren in a given external elsciro-

warnetic field. It the vector potential of the monochromatic planc .. S
wove, which we tuke to be linearly polarized {in the x direction) una . -

itraveling in the z direction, is given by

A=—0e_ cos k {(z ~ct ‘
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with
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= ilmensionless parameter measuring the strength of the exter.-l

vasiation field (n 1s the number of photons per cm3), we nave as
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Tr the absence of the eliectromagnetiic field {i.e., putting X = 0)
T3. (3) has the well known solution
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for the solution of Eg. {3). The ansatz (6) is quite different from
that adop ed by forme* authors. In particular, Brown and Kibble as

well as Coldman (Ref. 1) choose a wave function of the form

¥~ ¥ t(z - et

in accordanes with the old Volkov solution of the Dirac EQLE *oc
(Ret. 2). Hovever an ansatz of the type (7) is incapable of dems-
eribing initial acnditions. This is the crux of the matter. Deozuse
Phy's ica17v the clect*omaanecic Tleld (1) is c*eated ‘at some initi al

time T, say.‘ Trat means that‘the electron was free prior to T or

~ eondinion lmnossible to satisfy with ansatz (7). In the following

<2 will show, 13ing the ansatz (6)‘witk proper initial eonditions,

That there will e no frequency shift in accordance witn

,3.
ot
]
]
0
l.__l
o
[4)]
wn
[
[¢]
o
' J

calculation by Vachaspati (Ref. 3):

Intrcducing, -then, the abbreviation
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As Indtial econdilion we adopt:
t(z, 0) = 1. (11)
i.e., the lecer beam (1) is switched on at + = 0. In order thac :
. . . . i

Fig. (3) be walld throughout and that there be no extransous

o)

otentials, we muct also have:
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meaning. that the first time-derivative of the wave function

contlnuous at t
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0. Eq. (10) 1is solved with the expression:
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Tre system, Eqs. (1#) and (15), determines the wave function (6)
uniguely. The solutiocn of Eg. (l&} is quite complex and cannot

readily be given in closed form. ' But since even for very high

. intencity laser beams & 1s small compared to ohe, a pérturbation

expansion in @ is quite possible. From the structure of Eq. (1)

1t iS‘easily seen that
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In Oth order obviously:
CF (1) =8 ) (17)
‘and in lSt order:
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vanish in this order. Further calculations along
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and all other‘rn

these lines will be gifen elsewhere. Here we will only show that
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ction of an electron with the gquantized transverse. electromegnetic

field is givern by the Hamiltonian
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where the a’(K), ad&K) are the usval photon creation and desizuciion
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operators and the S are wnit transverse polarization vectors. The

firsi-order matrix element for the emlssion of a photon of polari-
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zation 7 snd wave vector K 1s then
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There will also be a contribultion from the second term of expression
(21, 25 explained in detail elsewhere (Ref. 1, 0. von Roos). This
ey s ‘ s N 2 -
contribuiion is due to the faect that the A” term is carnabic of
N creating a photon in the mode 7y, K and simultaneously adding or
reaoving a photos from the beam. In any case, this contribution is
» ) . : .
omitted here Tor simplicity. The subseguent argument is wnaifecied
by its omlssion.
Cbzerving, then, Egs. (22), (4) and (13) we find imredinieliy
hat
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or in cri@r words momentum is strietly conserved. There is no
intzasity derendent freguency shift.
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